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1

Abstract

2

Background: There is increasing recognition that morning or evening preference is associated

3

with time of eating, metabolic health, and morbidity. However, few studies have examined the

4

association of time of eating with mortality.

5

Objective: To examine the association of time of first recalled ingestive episode with

6

prospective risk of all-cause mortality.

7

Design: We used mortality-linked data from the National Health and Nutrition Examination

8

Surveys (NHANES) conducted in 1988-1994 and 1999-2014 (n=34609; age >40 y). Quartiles

9

(Q1-Q4) of clock time of first eating episode self-reported in the baseline 24-h dietary recall was

10

the exposure. Follow-up time from date of NHANES examination to date of death or end of the

11

follow-up period (12/31/2015) was the outcome. We used proportional hazards regression

12

methods to determine the independent association of time of first eating episode with relative

13

hazard of all-cause mortality with adjustment for multiple covariates and complex survey

14

design. Multiple linear regression methods were used to examine the association of time of first

15

eating episode and baseline cardiometabolic biomarkers and dietary attributes.

16

Results: In this national cohort, median age ~55 y (95% CI 54.6, 55.4) at baseline, median

17

follow-up of 8.3 y (IQR 8.75), there were 10, 303 deaths. The median time (military time) of first

18

eating episode in Q1-Q4 was 0545, 0700, 0800, and 1000. Covariate-adjusted relative hazard of

19

mortality in Q1 to Q3 of time of first eating episode was 0.88 (95% CI 0.81-0.96), 0.88 (0.81-

20

0.95), 0.94 (0.87, 1.02), with Q4 as the referent (P=0.0008). Qualitative dietary attributes were

21

inversely related with time of first eating episode; however, BMI and serum concentrations of

22

glycemic biomarkers increased with later time of first eating episode (P<0.0001).

23

Conclusion: Recall of an earlier time of the first eating episode by US >40-y-olds was suggestive

24

of a small relative survival advantage in this observational study.

25
26
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40

Introduction

41

The daily feeding and fasting cycles are among the external factors that entrain peripheral

42

tissue clocks and their metabolic activities (1-5). Interactions of central and peripheral clocks

43

and a so-called secondary brain “food clock” or timing of food intake, contribute to food

44

anticipatory behaviors and secretion of feeding related hormones (4). However, the circadian

45

timing of peak concentration of glucocorticoids is linked to the central clock in the

46

suprachiasmatic nucleus and may be independent of anticipated time of food intake (4, 5).

47

Available evidence suggests that feeding early in the wake cycle is associated with greater

48

insulin sensitivity and glucose tolerance and higher resting and diet-induced energy expenditure

49

(3, 6-11). These observations suggest that misalignment of sleep wake cycles from feeding

50

fasting cycles may have the potential to influence energy expenditure and macronutrient

51

metabolism. Thus, eating later in the day may promote energy storage and metabolic

52

dysfunction with consequent adverse metabolic and health outcomes (12).

53

Circadian timing has also been described as morning/evening preference or

54

“chronotype,” and evening chronotype has been linked to later time of eating, higher risk of

55

obesity, metabolic syndrome, high blood pressure, poor glycemic control, and breast and

56

prostate cancers (13-20). In two European cohorts, self-reported evening preference was

57

associated with a higher risk of all-cause mortality (21, 22). However, no published studies

58

have examined the associations of morning preference with biomarkers, diet quality, and risk of

59

mortality in a nationally representative US cohort.

60

Given the published evidence on timing of eating in relation to chronotype (13, 14), we

61

hypothesized that the reported time of first eating episode of the day may serve as a proxy for

62

morning preference and examined the prospective association of the recalled time of first

63

ingestive episode with the risk of all-cause mortality in a nationally representative cohort of US

64

men and women. To understand potential drivers of the association of time of first eating

65

episode with mortality, we also examined the cross-sectional association of time of first eating

66

with cardiometabolic biomarkers and dietary nutrient intakes reported at baseline.

67

Subjects and Methods

68

We used data from the third National Health and Nutrition Examination Survey

69

(NHANES) conducted from 1988-94, and the continuous NHANES 1999-2014, for this

70

prospective cohort study (23-24). Our use of anonymized extant public domain data was

71

deemed exempt from Human Subjects Review by the City University of New York institutional

72

review board. The NHANES, conducted by the National Center for Health Statistics (NCHS),

73

provide information about general health and nutritional status of a representative sample of

74

the US population. The survey procedures include a household interview and a medical

75

examination of the sample participant in a specially equipped mobile examination center

76

(MEC). The MEC visit also includes anthropometric measurements, and collection of blood and

77

urine specimens and dietary information using standardized protocols. Unweighted response

78

rates for the MEC examined sample in the NHANES III, and the continuous NHANES 1999-2010

79

were >70%; in the 2011-12 and 2013-2014 survey cycles, the rates were ~68% (25).

80

81

Exposure assessment

82

The NHANES protocol includes collection of an in-person, computer-assisted, 24-h recall of

83

dietary intake, conducted by a trained dietary interviewer (26). Surveys conducted from 2003

84

onwards also included a second recall, administered via telephone, 3-10 days after the MEC

85

visit. However, exposure for the current study was determined from the first recall. The dietary

86

interview queried about details of food/beverage intake, and the clock time of start of each

87

recalled ingestive episode. We considered the recalled clock time of the first eating/drinking

88

event of the 24-hour recall as the time of first eating episode. Events where the only reported

89

item was plain water, were not considered ingestive episodes. We have previously used these

90

methods to examine trends in eating patterns of US adults and children (27-29). The primary

91

exposure variable, the reported time of the first ingestive episode in the 24-h dietary recall, was

92

operationalized as survey-weighted, sex-specific quartiles.

93

Primary Study outcome

94

The primary study outcome was mortality from all causes. Mortality outcome of the

95

NHANES III and the continuous NHANES 1999-2014 respondents, with follow-up to Dec. 31,

96

2015, is available in the public domain (30). Briefly, NCHS used standardized protocols to

97

determine the mortality status of each survey participant by linkage to the National Death

98

Index, and databases of the Social Security Administration and Centers for Medicare and

99

Medicaid Services (31). The public domain Linked Mortality File includes information on person

100

months of follow-up from the date of MEC examination to the date of death or the end of the

101

mortality follow-up period, Dec. 31, 2015.

102

103
104

Secondary Outcomes
Dietary outcomes: These included intakes of energy, key nutrients (% energy from

105

dietary fat, dietary fiber (g), vitamin C (mg), potassium (mg), magnesium (mg), and sodium

106

(mg)); food groups (whole grains (oz), fruits (cup servings), vegetables (cup servings), and added

107

sugar (tsp)); overall diet quality; and other temporal variables (clock time of last eating episode,

108

duration of the 24-h ingestive period or the eating window, and intervals between eating

109

episodes) (27-29), reported in the 24-h diet recall. The public domain data for each NHANES

110

respondent includes energy and nutrient intake information computed by the NCHS using the

111

United States Department of Agriculture’s Food and Nutrient Data Base for Dietary Studies (26).

112

The NHANES dietary intake data have also been linked to the Food Patterns Equivalents

113

Database (FPED) and MyPyramid Equivalents Database (MPED) to allow disaggregation into

114

serving equivalents of food groups (32). We also computed a measure of overall diet quality,

115

the Healthy Eating Index-15 (HEI-15), using the information from the FPED/MPED linked

116

database (33). Additional dietary outcome was a second measure of diet quality, energy density

117

of reported foods and beverages (kcal/g) (34).

118

Cardiometabolic biomarker outcomes: The examined cardiometabolic biomarkers

119

included measured body mass index (kg/m2), serum total and HDL cholesterol, c-reactive

120

protein (CRP), glycated hemoglobin (HgbA1C), fasting triglycerides, fasting glucose, fasting

121

insulin, and fasting c-peptide. The biomarkers were assayed using standardized assay

122

procedures in blood samples collected during the MEC visit (35).

123

Analytic cohort: All men and women, age >40 y, with an in-person dietary recall at baseline in

124

NHANES 1988-94 and 1999-2014, were eligible for inclusion in the study cohort (n=36, 854). We

125

excluded respondents with dietary recalls considered unreliable by the NCHS (n=2170),

126

reporters of no energy intake in a recall considered reliable by the NCHS (n=2), women who

127

were pregnant or lactating at baseline (n=39), and those missing a national death index match

128

at follow-up (n=34). The final analytic cohort included 16884 men and 17725 women (n=34609)

129

(Online Supplemental Figure).

130

Covariate information: The available information on potential confounders of time of eating

131

and mortality association was collected in each survey and included, age, race/ethnicity (non-

132

Hispanic White, non-Hispanic black, Mexican-American, and all other race/ethnicities), family

133

income (as % of poverty threshold), years of education, smoking status, alcohol intake, any

134

leisure-time physical activity, self-report of doctor-diagnosed chronic disease (high blood

135

pressure, diabetes, coronary heart disease, and cerebrovascular disease), and body mass index,

136

kg/m2, computed from measured height and weight.

137

Statistical Methods

138

Descriptive methods: We describe characteristics of the analytic cohort by survey-weighted,

139

sex-specific quartiles of recalled time of first eating episode of the day. For each variable

140

examined, we used the chi square test of independence to indicate significance of the observed

141

association with the time of first eating episode.

142

Hypothesis testing

143

Prospective association of time of first eating episode with primary outcome of all-cause

144

mortality

145

We used Cox proportional hazards regression methods to examine the relative hazard of

146

mortality from all causes in relation to quartiles of recalled time of first eating episode. These

147

regression models adjusted for established confounders of the association and included sex,

148

age, age2, race/ethnicity, family income, level of education, body mass index, leisure time

149

physical activity, smoking status, alcohol use status, and self-report of doctor-diagnosed history

150

of chronic disease. In other iterations of this basic model, we also adjusted for time of last

151

eating episode of the recall, diet quantity (total energy intake), and diet quality variables (HEI-

152

15).

153

Respondents missing information on education (n=101), smoking status (n=23), and any

154

leisure-time physical activity (n=6) were excluded from these models. Larger numbers were

155

missing the family income (n=3064), BMI (n=560), and alcohol use (n=1574) information; for

156

each of these variables a missing category was included in regression models. Hazard rates of

157

mortality associated with first three quartiles of time of first eating episode were compared to

158

the referent, 4th quartile. To examine linear trends, we operationalized the median reported

159

time of the first eating episode for each quartile as a trend variable with scores equal to

160

medians. We also examined the time of first eating episode as a continuous exposure.

161

We examined the interaction of time of first eating episode with sex, age, and BMI at

162

baseline survey to examine whether the associations of time of first eating episode and

163

mortality differed by sex, age, or BMI.

164

Sensitivity analysis: To examine the possibility that the time of first eating episode and

165

mortality associations may reflect reverse causation or baseline morbidity, we examined these

166

associations after exclusion of first 2 y of follow-up, and in models stratified by self-reported

167

morbidity at baseline interview. Similarly, analyses were repeated with exclusion of accidental

168

and unknown cause of death, and after exclusion of respondents reporting low or high energy

169

intakes in the 24-h dietary recall (<800 or >4200 kcal in men; <600 or >3500 kcal in women).

170

Because eating times may differ on weekdays and weekends, we also examined the association

171

of time of first eating episode and mortality using survey-weighted gender, and

172

weekday/weekend specific quartiles of time of first eating event.

173

We operationalized a test of the proportional hazards assumption by: (1) dividing the

174

follow-up time into 3 disjoint intervals that covered the length of follow-up where each interval

175

had about one-third of the deaths; (2) defining two dummy variables that were follow-up time

176

dependent indicating which interval a survey respondent’s follow-up time was in; (3) testing the

177

statistical significance of the interaction between these two dummy variables and the terms

178

indicating the quartiles of the clock time of first ingestive event.

179

Cross-sectional associations of time of first eating episode exposure with secondary outcomes

180

of dietary variables and cardiometabolic biomarkers

181

We used multiple linear regression models to examine the association of time of first

182

eating episode with key cardiometabolic biomarkers and dietary outcomes adjusted for

183

covariates. The covariates common to models for both biomarker and dietary outcomes

184

included, sex, age, race/ethnicity, family income assessed as poverty income ratio, years of

185

education, body mass index, leisure time physical activity, and self-report of history of chronic

186

disease. For biomarker outcomes, smoking, alcohol use status, and hours of fasting before

187

phlebotomy were additional covariates. For dietary outcomes, the models also included month

188

of dietary recall, day of week of recalled intake, and energy intake. Results present the

189

covariate-adjusted predicted margins (or adjusted means) (36) and their 95% confidence

190

intervals for each biomarker or dietary variable by survey-weighted, sex-specific quartiles of

191

recalled time of first eating episode. For serum total cholesterol and HDL-cholesterol, the

192

distributions were approximately normal; for these biomarkers, we present adjusted means

193

with 95% confidence intervals. Linear regression analyses for all other cardio-metabolic

194

biomarkers used log-transformed values and estimates were back-transformed to obtain

195

adjusted geometric means and 95% confidence intervals. Results with two-sided P-values of

196

<0.05 without adjustment for multiple comparisons were considered statistically significant.

197

We used SAS (version 9.4, SAS Institute, Inc), and SAS callable SUDAAN software (version

198

11.0.1, RTI International) for statistical analysis. We followed the NHANES analytic guidelines

199

for all procedures and used appropriate survey sample weights to adjust for survey non-

200

response, and differential probability of selection of some oversampled population groups (26).

201

Results

202

Descriptive

203

In this national cohort, median age ~55 y (95% CI 54.6, 55.4) at baseline, over a median

204

follow-up of 8.3 y (IQR 8.75 y), there were 10, 303 deaths due to all causes (Table 1). The

205

median time of first eating episode was 0730 in men and 0800 in women. The median time of

206

first eating episode in Q1 to Q4 was 0530, 0700, 0800, and 1000 in men and 0600, 0715, 0800,

207

0945 in women. In both men and women, the variability (IQR) in the first and the fourth

208

quartile was higher relative to the second and third quartiles.

209

Distribution of all examined covariates differed among quartiles of reported time of first

210

eating episode (P<0.0001) (Table 1). In the first quartile of time of first ingestive episode,

211

respondents were more likely to be aged 40-59 y, non-Hispanic whites, BMI of <25, current

212

alcohol users, report some leisure-time physical activity, current smokers, and have no chronic

213

disease at baseline. Respondents with the lowest and the highest levels of education were less

214

likely to be in the first quartile of time of first eating episode. Respondents who recalled a

215

weekend day of intake were more likely to be in the fourth quartile of time of first eating

216

episode.

217

All-cause mortality outcome

218

The covariate-adjusted hazard of mortality increased with later time of first ingestive

219

episode of the day (Table 2). Overall, respondents reporting in the first two quartiles of time of

220

first eating episode had a 12% lower hazard of mortality from all causes relative to the 4th

221

quartile (P for trend across quartiles=0.0005). The observed associations were unchanged by

222

further adjustment for time of last eating episode, and dietary variables (total energy intake

223

and Healthy Eating Index Score-15). In all iterations, the association remained significant when

224

time of first eating was operationalized as a continuous exposure (<0.006). The time of first

225

eating episode and mortality association did not differ by sex (P for interaction=0.9), age (P for

226

interaction= 0.1), and BMI (P for interaction=0.9); hence, results in Table 2 are not stratified by

227

sex, age, or BMI.

228

Sensitivity analysis

229

The lower hazard of mortality associated with earlier time of first eating episode

230

remained significant after exclusion of deaths due to accidental or unknown causes, or deaths

231

that occurred in first 2 y of follow-up, or in models stratified by self-report of doctor-diagnosed

232

morbidity at baseline, or after exclusion of reporters of low or high energy intake on the recall

233

day (Table 3). The mortality and time of first eating episode association remained significant

234

when exposure was operationalized as weekday/weekend and gender-specific quartiles (P for

235

trend =0.001) (Table 4).

236

The results for the tests for proportional hazards showed that the hazard ratios of

237

mortality by quartiles of first ingestive episode varied significantly (p < 0.001) across the three

238

follow-up intervals (<60, 61-128, >129 months). For example, for Model 1, Q1 to Q4 hazard

239

ratios (95% CIs) were 0.71 (0.61, 0.83), 0.75 (0.66, 0.87), 0.87 (0.77, 0.98), 1.0 for the earliest

240

interval; 0.99 (0.85, 1.17), 0.98 (0.85, 1.10), 0.98 (0.86, 1.13), 1.0 for the 2nd interval, and 0.97

241

(0.84, 1.12), 0.93 (0.79, 1.09), 0.97 (0.85, 1.18), and 1.0 for the latest interval.

242

Dietary and temporal eating attributes

243

Intakes of energy, and energy-adjusted dietary fiber, potassium, magnesium, servings of

244

whole grains, fruits, and the HEI-2015 score decreased, but energy density (kcal/g) of beverages

245

(but not foods) increased with later time of first eating episode (P< 0.0001) (Table 5). The

246

percent energy from fat, tsp of added sugar, sodium, and vegetable servings were not related

247

with the time of first eating episode.

248

Increasing time of first eating episode was related with later time of the last ingestive

249

episode, shorter duration of the 24-h ingestive period, fewer number of eating episodes, and

250

shorter intervals between ingestive episodes (P<0.0001) (Table 5).

251

Cardio-metabolic biomarker outcomes

252

Body mass index, fasting triglycerides, fasting glucose, fasting insulin, fasting c-peptide,

253

and c-reactive protein increased with increasing quartiles of time of first eating episode

254

(P<0.001) (Table 6). Although these trends were highly significant, the magnitude of observed

255

differences in biomarker concentration with increasing time of first eating episode were small.

256

Serum total cholesterol was not associated with time of first eating.

257

Discussion

258

In this observational study, there was a small relative survival advantage for >40 y old

259

adults who reported their first eating episode of the day before ~0800 h. Study results also

260

suggest that report of earlier time of first ingestive episode was associated with higher quality

261

diets as well as lower metabolic risk indicated by an array of cardiometabolic biomarkers.

262

To our knowledge, this is among the first published reports to examine the relation of

263

clock time of first eating episode with risk of mortality and metabolic biomarkers; therefore,

264

there are no directly comparable studies for corroborative assessment. However, there is a

265

sizable body of literature on the relation of chronotype, mostly based on individual preference

266

for sleep and wake times or self-identification as morning or evening type, with a variety of

267

health outcomes (13-20) and all-cause mortality (21, 22). Evening chronotype was associated

268

with a 30% increased age-adjusted risk of all-cause mortality in a small Finnish cohort of men

269

(n~2144) (21). However, the multiple covariate-adjusted mortality risk was 10% higher at 6.5 y

270

of follow-up among evening types relative to morning types in the large British Biobank cohort

271

(22), which is comparable to the extent of risk reduction observed in association with early time

272

of first eating in the current study.

273

Our study suggests that reporters of later time of first eating episode also reported

274

adverse physical activity and dietary behaviors. In un-adjusted analysis, any leisure time

275

physical activity was less frequently reported in association with later time of first eating. The

276

energy-adjusted intakes of key micronutrients (potassium and magnesium) and food groups

277

(whole grains and fruits), and overall diet quality assessed as HEI-15, were lower, and the

278

energy density of all reported foods and beverages, driven largely by higher energy density of

279

beverages, was higher in these respondents. Although the relation of our study exposure, time

280

of first eating episode, and dietary attributes has been examined in relatively few studies (37),

281

our results of qualitative differences in diets by time of first eating episode are in accord with

282

previous reports that compared morning and evening chronotypes (38-42).

283

Study findings of higher BMI and serum concentrations of cardio-metabolic

284

biomarkers with later time of first eating episode suggest mechanisms through which time of

285

first eating episode may relate to metabolic health. Prior studies have reported higher

286

prevalence of obesity, higher serum glucose and c-reactive protein in association with evening

287

chronotype or later time of eating (14-17). We found only one published study that examined

288

the self-reported clock time of breakfast as an exposure and found it to mediate the relation of

289

morning-evening chronotype with obesity in type 2 diabetics (43). Dashti et al found that early

290

eaters, based on the mid-point between the clock times of breakfast and lunch, had

291

significantly lower fasting insulin and triglycerides (44). It is noteworthy that McHill et al found

292

no cross-sectional association between clock time of eating and body weight in a study where

293

later circadian time, established using melatonin onset, was related to higher body fat (45).

294

However, it is also possible that dietary and physical activity behaviors associated with later

295

time of first eating episode may independently contribute to adverse metabolic profiles.

296

We note that the mean duration of the 24-h eating window was 5 h longer in the first

297

quartile of time of first eating episode, relative to the last quartile of time of first eating

298

episode. However, the average clock time of the last eating episode differed by <30 minutes

299

between extreme quartiles of time of first eating episode. We have previously noted this

300

relative lack of variation in the reported time of the evening eating event despite a gradual

301

increase in the time of reported breakfast over past three decades in the US population (27,

302

28).

303

We make no assertions about biologic or circadian time of eating or chronotype in this

304

study. The NHANES surveys included in our study did not collect information about usual sleep

305

and wake time which can be used to determine the midpoint of sleep and classification of early

306

or late chronotypes, nor were subjects asked to self-classify themselves as morning or evening

307

types. Moreover, the surveys did not include biomarkers of Dim Light Melatonin Onset to

308

enable an assessment of chronotype, nor is this type of measurement a logistical possibility in a

309

population survey such as the NHANES. Instead, we used the available clock time of the first

310

eating episode as a proxy for early or late preference. By design, the exposure in our study is

311

not based on named eating events such as breakfast or snack, etc. Names of eating events are

312

social and cultural constructs (17), and exposure based on meal name(s) may exclude a

313

substantial percentage of the population who skip meals such as breakfast or lunch (27, 28).

314

The first eating episode of the day is preceded by an overnight fast and the time of morning

315

eating events has been shown to differ significantly between early and late chronotypes (14,

316

43, 46). Xiao et al (14) examined chronotype based on midpoint of sleep, dietary intake, and

317

body weight over one year and found that the mean clock time of breakfast differed between

318

early and late chronotypes by an hour. However, the magnitude of differences in mean clock

319

times of lunch and dinner between early and late chronotypes, although significant, were much

320

smaller (0.2 and 0.3 hour, respectively). Similarly, Dashti et al found that mean breakfast time

321

differed by >1 hour between early and late eaters, but mean lunch time differed by only 7

322

minutes and dinner by 37 minutes (44).

323

Strengths of our study include a large nationally representative cohort of US adults aged

324

>40 y with long-term follow-up. Availability of detailed dietary intake, measured BMI, metabolic

325

biomarkers, and information on a variety of potential confounders, collected using standardized

326

protocols by the trained NHANES staff, is another strength. However, study results should be

327

interpreted with due consideration for following limitations. First, the study is observational in

328

nature and provides no information on causality. Second, the dietary exposure of reported

329

clock time of eating was determined from a single recall of previous 24-h, which is prone to

330

both systematic and random errors. Although dietary recall methods in the NHANES have been

331

validated (47-49), the focus of such validations was intake of energy and nutrients, not time of

332

eating. Moreover, although estimation of “usual dietary intakes” using repeat dietary recalls

333

has received considerable attention (50), such methods have not been studied for the principal

334

exposure of our study, the reported clock time of ingestion of foods and beverages. In a small

335

sample of 18-21 y old college students (n=14), McHill et al. (51) reported considerable

336

intraindividual variability in the clock time of eating events recorded in diet records.

337

Interestingly, the within-individual variability in the clock time of first eating event was smaller

338

than variability in clock time of other eating events. Given that our study population was >40 y

339

old, we can speculate that within variability of time of eating may be smaller. Nevertheless,

340

random (intraindividual variability) and systematic measurement errors in determination of

341

time of eating are undoubtedly present, leading to misclassification into categories of time of

342

first eating, and may attenuate or increase associations with an outcome.

343

Another limitation is that the testing for proportional hazards indicated that the effect

344

of the time of first ingestive episode was essentially confined to the earliest follow-up interval.

345

This could result from reverse causality from individuals with reported chronic conditions or

346

latent illness at baseline who more likely experience mortality in the first versus later follow-up

347

intervals and may have later time of first eating episodes. This was examined in sensitivity

348

analyses by stratifying the analyses on individuals with or without reporting of chronic

349

conditions where analyses in both strata showed similar trends in mortality. We also excluded

350

the first two years of follow-up to examine possible effects of latent illness, which showed a

351

statistically significant but numerically diminished trend in the hazards. The lack of

352

proportional hazards could also be due in part to changes in time of first eating episode over

353

the follow-up period, but only a single baseline dietary assessment was collected.

354

We also note that the day of recall in our study included both weekdays and weekends.

355

Notably, however, the observed associations were not changed by use of weekday/weekend-

356

specific quartiles of time of first eating episode (Table 4). Nevertheless, it is likely that time of

357

first eating episode, the temporal exposure in this study, resulted in some misclassification.

358

Finally, although we adjusted for several potential established confounders of the time of

359

eating and mortality association, residual confounding due to unknown or unmeasured

360

variables, cannot be excluded.

361

We limited the study analytic cohort to age 40 y and older. We hypothesized that by age

362

40 y, routines of work and leisure may be stable, and in turn, eating patterns, including time of

363

eating, may be well established. This hypothesis is supported by findings of decreased

364

variability in chronotype among older US men and women in a large US survey (52), and

365

suggestion of persistence of chronotype with age in European men (21). However, as we

366

acknowledge above, possible effect of random measurement error and within-person

367

variability in various aspects of temporality of eating behaviors is likely present and requires

368

further study. Another related area of study would be investigation of type of memory, e.g.,

369

episode-specific, or generic, involved in recall of time of eating.

370

In conclusion, self-report of an earlier clock time of the first eating episode in a 24-h

371

recall by >40 y old Americans was associated with an approximately 12% lower risk of all-cause

372

mortality. Early time of first eating episode was also a correlate of qualitative dietary attributes

373

and better cardiometabolic profile. The observed associations, although statistically significant,

374

were weak and should be considered exploratory. Given the observational nature of our study,

375

findings need to be replicated in other large well-established cohorts.

376
377
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Table 1. Characteristics of the study cohort at baseline (survey weighted % and 95% CI) for all
and by approximate sex-specific, weighted quartiles of recalled time of first eating episode in a
24-h recall

All

Weighted, gender-specific approximate quartiles of reported time of first
eating episode in the 24-h recall1
All
Quartile 1
Quartile 2
Quartile 3
Quartile 4
n=34609
N=6702
N=7434
N=9740
N=10733
(3352 men; (3447 men; (5223 men; (4862 men;
3350
4517
5871 women)
3987
women)
Women)
Women)
Median military time and interquartile range (minutes) of first eating
episode in the 24-h dietary recall
0745 (150)
0545 (90)
0700 (30)
0800 (30)
1000 (120)

Men

0730 (135)

0530 (120)

0700 (30)

0800 (30)

1000 (120)

Women

0800 (120)

0600 (90)

0715 (30)

0800 (30)

0945 (120)

Number of events

10303

1767

2361

3256

2919

Follow-up time, y
Median (IQR)

8.33 (8.75)

9.08 (8.58)

8.50 (9.17)

8.17 (8.75)

7.75 (8.25)

Men
n=16884
Women
n=17725
Agegroup, y
40-59 y
n=16549
>60 y
n=18060
Race/Ethnicity
Non-Hispanic
White
n=17349
Non-Hispanic
Black
n=7472
Mexican-American
n=6220
All other
race/ethnicities
n=3568

46.9
(46.2, 47.5)
53.1
(52.5, 53.8)

47.2
(45.7, 48.7)
52.8
(51.3, 54.3)

45.0
(43.4, 46.6)
55.0
(53.3, 56.6)

51.5
(50.2, 52.8)
48.5
(47.2, 49.8)

43.6
(42.2, 44.9)
56.4
(55.1, 57.8)

59.9
(59.0, 60.9)
40.0
(39.1, 41.0)

66.8
(65.3, 68.2)
33.2
(31.8, 34.7)

56.5
(54.8, 58.2)
43.5
(41.7, 45.2)

53.3
(51.7, 54.9)
46.7
(45.1, 48.3)

63.9
(62.5, 65.3)
36.1
(34.7, 37.5)

75.7
(73.8, 77.5)

81.1
(79.5, 83.0)

82.3
(80.5, 84.0)

77.5
(75.5, 79.5)

63.4
(60.7, 66.0)

10.2
(9.2, 11.4)

7.8 (6.8, 8.8) 6.0 (5.3, 6.9) 8.8 (7.9, 9.8) 17.4
(15.6, 19.3)

Survey weighted % (95% CI)

5.2 (4.5, 6.1) 3.9 (3.4, 4.4) 4.1 (3.3, 5.0) 5.3 (4.4, 6.4) 7.3 (6.2, 8.7)
8.8 (7.9, 9.8) 7.0 (6.0, 8.2) 7.6 (6.6, 8.7) 8.4 (7.4, 9.4) 11.9
(10.5, 13.4)

Poverty income ratio, (%)
<130
17.0
n=9031
(15.8, 18.2)
130-349
33.5
n=12506
(32.4, 34.6)
>350
42.7
n=10008
(41.1, 44.4)
Missing
6.8 (6.3, 7.4)
n=3064
Education, y
<12
20.9
n=12215
(19.9, 22.0)
12
25.8
n=8384
(24.9, 26.7)
Some College
26.8
n=7579
(25.9, 27.6)
>College
26.5
n=6330
(25.1, 27.9)
Body Mass Index, kg/m2
<25
28.7
n=9666
(27.9, 29.5)
25-<30
35.5
n=12527
(34.7, 36.3)
>30
34.3
n=11586
(33.4, 35.3)
Missing n=560
1.4 (1.2, 1.6)
Alcohol use status
Never drinker
12.0
n=5344
(11.2, 13.0)
Former drinker
18.1
n=7885
(17.3, 18.9)
Current drinker
65.8
n=19806
(64.4, 67.2)
Missing n=1574
4.0 (3.7, 4.4)
Any Leisure Physical Activity
Yes
56.6
n=17631
(55.2, 58.0)
No
43.4
n=16972
(42.0, 44.8)
Cigarette smoking status
Never smoked
48.2
n=16656
(47.2, 49.1)
Former smoker
32.0

14.5
(13.3, 15.7)
34.1
(32.3, 36.0)
45.4
(43.2, 47.7)
6.0 (5.1, 6.9)

13.1
(11.8, 14.6)
32.5
(30.7, 34.5)
47.6
(45.2, 49.9)
6.7 (5.9, 7.7)

16.2
(14.8, 17.8)
32.9
(31.2, 34.6)
44.0
(41.7, 46.3)
6.9 (6.1, 7.8)

23.1
(21.6, 24.7)
34.3
(32.7, 35.9)
35.0
(33.1, 36.9)
7.6 (6.9, 8.4)

19.1
(17.7, 20.6)
29.4
(27.7, 31.1)
28.6
(27.0, 30.3)
22.9
(20.9, 25.0)

17.5
(16.1, 19.0)
24.7
(23.2, 26.3)
26.3
(24.6, 27.9)
31.5
(29.2, 33.8)

21.0
(19.7, 22.3)
25.1
(23.6, 26.5)
25.5
(24.2, 26.9)
28.4
(26.6, 30.2)

25.4
(23.9, 26.8)
24.5
(23.2, 25.9)
26.9
(25.5, 28.4)
23.2
(21.6, 24.9)

29.4
(27.8, 31.2)
36.5
(34.8, 38.2)
33.0
(31.3, 34.7)
1.0 (0.8, 1.4)

31.3
(29.7, 32.9)
37.3
(35.5, 39.1)
30.2
(28.6, 31.9)
1.2 (0.9, 1.6)

28.1
(26.8, 29.5)
35.5
(34.3, 36.7)
34.9
(33.4, 36.5)
1.4 (1.1, 1.9)

26.4
(25.2, 27.6)
33.2
(31.8, 34.7)
38.5
(37.0, 40.0)
1.8 (1.4, 2.4)

8.8
(7.9, 9.9)
18.1
(16.8, 19.4)
69.4
(67.6, 71.2)
3.6 (3.0, 4.4)

12.5
(11.3, 13.9)
18.0
(16.6, 19.4)
65.7
(63.8, 67.6)
3.7 (3.1, 4.5)

12.7
(11.2, 14.2)
18.0
(16.8, 19.2)
65.7
(63.7, 67.7)
3.6 (3.2, 4.2)

13.7
(12.4, 15.0)
18.4
(17.3, 19.6)
62.9
(61.1, 64.7)
5.0 (4.4, 5.6)

58.4
(56.3, 60.4)
41.6
(39.6, 43.7)

62.3
(60.0, 64.4)
37.7
(35.6, 39.9)

57.4
(55.6, 59.2)
42.6
(40.8, 44.4)

49.3
(47.7, 51.0)
50.7
(49.0, 52.3)

42.5
(40.8, 44.3)
30.9

49.2
(47.5, 50.9)
33.9

49.8
(48.3, 51.3)
34.3

50.3
(48.7, 51.9)
29.0

n=11102
(31.2, 32.9) (29.4, 32.5) (32.4, 35.3) (32.9, 35.8) (27.8, 30.4)
Current smoker
19.8
26.5
16.9
15.9
20.6
n=6828
(19.0, 20.6) (25.2, 27.9) (15.7, 18.2) (14.7, 17.1) (19.4, 22.0)
Self-report of doctor-diagnosed chronic disease
No
53.1
55.6
55.1
51.0
51.5
n=16675
(52.2, 54.1) (53.7, 57.3) (53.3, 56.8) (49.5, 52.6) (50.0, 53.1)
Yes
46.9
44.4
44.9
48.9
48.4
n=17934
(45.9, 47.8) (42.7, 46.2) (43.2 46.7)
(47.4, 50.5) (46.9, 50.0)
Day of recalled intake
Monday-Friday
72.7
79.6
77.6
70.6
64.7
n=24009
(71.8, 73.6) (78.5, 80.7) (76.3, 78.9) (69.1, 72.0) (63.1, 66.2)
Saturday-Sunday
27.3
20.4
22.3
29.4
35.3
n=10600
(26.4, 28.2) (19.3, 21.5) (21.1, 23.7) (28.0, 30.9) (33.7, 36.9)
1
Chi square test of independence was significant (P<0.0001) for all listed variables.
Respondents missing information on education (n=101), smoking status (n=23), and physical
activity (n=7) were excluded.

Table 2: Covariate-adjusted1 risk of mortality from all-causes (hazard ratio and 95% CI) in
relation to approximate quartiles of recalled time of first eating episode in a national cohort2
Weighted, gender-specific approximate quartiles of
reported time of first eating episode in the 24-h recall
Quartile 1

Quartile 2

Quartile 3

Quartile 4

Trend3
across
quartiles

Model 1

0.88
0.88
0.93
1.0
P=0.0005
(0.81, 0.95) (0.81, 0.95) (0.86, 1.01)
4
Model 2
0.89
0.88
0.94
1.0
P=0.001
(0.82, 0.97) (0.82, 0.96) (0.87, 1.01)
Model 35
0.88
0.88
0.93
1.0
P=0.0006
(0.81, 0.95) (0.81, 0.95) (0.86, 1.01)
6
Model 4
0.88
0.88
0.94
1.0
P=0.0008
(0.81, 0.96) (0.81, 0.95) (0.87, 1.02)
1 Estimates are hazard ratios and 95% CIs from proportional hazards regression models with
person-months of follow-up from the NHANES exam date as the dependent variable.
Independent variables included, (model 1) time of first eating episode (quartiles), age
(continuous), age2, sex (men, women), race (Non-Hispanic White, non-Hispanic Black, MexicanAmerican, Others), Poverty Income Ratio, %, (<130, 130-349, >349, missing), education, y, (<12,
12, some college, >college), BMI, kg/m2, (<25, 25-29.9, >30, missing), leisure time physical
activity (yes, no), any self-reported doctor diagnosed chronic disease (yes, no), smoking status
(never, former, current smoker), and alcohol use status (never, former, current drinker,
unknown). Respondents missing information on education, smoking status, and physical activity
(n=122) were excluded.
2

n=34487; events=10238
was operationalized as sex-specific median reported time in each quartile of reported
time of first eating episode.
4Model 2 included all covariates in model 1 and 24-h energy intake (kcal).
5Model 3 included all covariates in model 2 and reported time of the last eating episode of the
24-h recall.
6Model 4 included all variables in model 3 and Healthy Eating Index-15 score.
3Trend

Table 3. Sensitivity Analysis: Covariate-adjusted1 hazard ratio and 95% CI of mortality from allcauses in relation to approximate quartiles of recalled time of first eating episode in a national
cohort
Weighted, gender-specific approximate quartiles of
reported time of first eating episode in the 24-h recall
Quartile 1
Quartile 2
Quartile 3
Quartile 4
Excluded 257 deaths from accidental and unknown causes
n=34487
0.86
0.87
0.93
Events=9981
(0.79, 0.93)
(0.81, 0.95)
(0.86, 1.01)
Excluded first 2 years of followup
n=31447
0.90
0.92
0.95
Events=8961
(0.83, 0.99)
(0.83, 1.0)
(0.87, 1.04)
No self-report of doctor diagnosed chronic disease at baseline
n=16613;
0.86
0.88
0.87
Events=3738
(0.75, 0.99)
(0.79, 0.99)
(0.77, 0.99)
Self-report of doctor diagnosed chronic disease at baseline
n=17874
0.90
0.88
0.98
Events=6500
(0.81, 0.99)
(0.79, 0.97)
(0.89, 1.07)
3
Excluded reporters of low or high energy intake
n=32531
0.90
0.88
0.95
Events=9662
(0.82, 0.98)
(0.81, 0.95)
(0.87, 1.02)
1 Estimates

Trend2
across
quartiles

1.0

0.00007

1.0

0.02

1.0
1.0
1.0

0.04
0.01
0.004

are hazard ratios and 95% CIs from proportional hazards regression models with
number of person-months of follow-up from the NHANES exam date as the dependent.
Independent variables included, time of first eating episode (quartiles), age (continuous), age2,
sex (men, women), race (Non-Hispanic White, non-Hispanic Black, Mexican-American, Others),
poverty income ratio, %, (<130, 130-349, >349, missing), education, y, (<12, 12, some college,
>college), BMI, kg/m2, (<25, 25-29.9, >30, missing), any leisure time physical activity (yes, no),
any self-report of doctor diagnosed chronic disease (yes, no), smoking status (never, former,
current smoker), alcohol use status (never, former, current drinker, unknown), 24-h energy
intake (continuous), time of last eating episode (continuous), and Healthy Eating Index-15
(continuous).
2 Trend was operationalized as sex=specific median reported time in each quartile of reported
time of first eating episode.
3 Defined as <800 or >4200 kcal/ 24-h recall in men and <600 or >3500 kcal/24-h recall in
women.

Table 4: Covariate-adjusted1 hazard ratio and 95% CI of mortality from all-causes in relation to
weighted, gender and weekday/weekend specific quartiles of recalled time of first eating
episode in a national cohort2
Weighted gender and weekday/weekend-specific,
approximate quartiles of reported time of first
eating episode in the 24-h recall
Quartile 1 Quartile 2
Quartile 3
Quartile 4

Trend3
across
quartiles

Median military time and interquartile range (minutes) of time of
first eating episode on weekdays (Monday-Friday)
Men
0530 (120) 0700 (30)
0800 (30)
0905 (90)
Women

0600 (90)

0700 (30)

0800 (30)

0945 (120)

Median 24-h military time and interquartile range (minutes) of time
of first eating episode on weekend days (Saturday-Sunday)
Men
0545 (90)
0700 (30)
0800 (30)
1000 (120)
Women

0600 (120)

0725 (30)

0800 (30)

0945 (120)

Model 1

0.89
0.87
0.96
1.0
(0.83, 0.97) (0.81, 0.94) (0.88, 1.04)
P=0.001
4
Model 2
0.91
0.87
0.96
1.0
(0.84, 0.98) (0.81, 0.94) (0.89, 1.04)
P=0.003
5
Model 3
0.89
0.86
0.96
(0.82, 0.97) (0.80, 0.93) (0.88, 1.04) 1.0
P=0.001
6
Model 4
0.90
0.87
0.96
1.0
(0.83, 0.97) (0.81, 0.94) (0.89, 1.04)
P=0.001
1 Estimates are hazard ratios and 95% CIs from proportional hazards regression models with
number of person-months of follow-up from the NHANES exam date as the dependent.
Independent variables included, (model 1) time of first eating episode (quartiles), age
(continuous), age2, sex (men, women), race (Non-Hispanic White, non-Hispanic Black, MexicanAmerican, Others), poverty Income Ratio, %, (<130, 130-349, >349, missing), education, y, (<12,
12, some college, >college), BMI, kg/m2, (<25, 25-29.9, >30, missing), leisure time physical
activity (yes, no), any self-reported doctor diagnosed chronic disease (yes, no), smoking status
(never, former, current smoker), alcohol use status (never, former, current drinker, unknown).
2
n=34487; events=10238
3 Trend was operationalized as sex-specific, weekday/weekend-specific median reported time in
each quartile of reported time of first eating episode.
4Model 2 included all covariates in model 1 and 24-h energy intake, kcal (continuous).
5Model

3 included all covariates in model 2 and the reported time of the last eating episode of
the 24-h recall (continuous).

6Model

4: included all variables in model 3 and Healthy Eating Index-15 (continuous).

Table 5. Covariate-adjusted mean1 and 95% CI of dietary and temporal attributes self-reported
in the in-person 24-h recall, by approximate quartiles of time of first eating episode
Dietary Variable

Weighted, gender-specific approximate quartiles of time of
first eating episode in the 24-h dietary recall
Quartile 1
Quartile 2
Quartile 3
Quartile 4

Dietary energy, nutrient, food group, and overall diet quality variables
24-h energy intake, 2150
2030
2040
1920
kcal
(2120,2180)
(2010, 2060)
(2010, 2060)
(1890, 1950)
Energy from fat, % 34 (33, 34)
34 (33, 34)
34 (33, 34)
34 (34, 34)
Fiber, g
16
17
17
16
(16.0, 16.7)
(16.6, 17.3)
(16.6, 17.4)
(15.6, 16.2)
Vitamin C, mg
88 (84, 91)
92 (89, 96)
91 (88, 94)
86 (83, 89)
Potassium, mg
2860
2810
2770
2630
(2820, 2900)
(2770, 2840)
(2730, 2800)
(2600, 2670)
Magnesium, mg
302
299
295
282
(297, 306)
(295, 303)
(291, 300)
(278, 287)
Sodium, mg
3290
3340
3320
3300
(3240, 3330)
(3290, 3390)
(3280, 3360)
(3260, 3340)
Added Sugar, tsp
16.6
16.3
16.4
17.0
(16.1, 17.2)
(15.8, 16.8)
(16.0, 16.8)
(16.5, 17.4)
Whole grains, oz
0.86
0.91
0.91
0.76
equivalents
(0.81, 0.91)
(0.85, 0.96)
(0.86, 0.96)
(0.72, 0.80)
Fruit serving, cup
1.07
1.08
1.07
0.99
equivalents
(1.02, 1.13)
(1.04, 1.13)
(1.02, 1.11)
(0.94, 1.03)
Vegetable serving,
1.60
1.67
1.67
1.60
cup equivalents
(1.56, 1.64)
(1.63, 1.72)
(1.62, 1.71)
(1.56, 1.64)
Healthy Eating
52.1
52.7
52.7
51
Index-2015
(51.6, 52.6)
(52.2, 53.3)
(52.2, 53.2)
(50.5, 51.5)
Energy density of
0.84
0.88
0.91
0.96
foods and
(0.83, 0.85)
(0.87, 0.89)
(0.90, 0.92)
(0.95, 0.97)
beverages, kcal/g
1.90 (1.87,
1.85 (1.83,
1.84 (1.82,
1.88 (1.86,
Energy density of
3
1.92)
1.86)
1.86)
1.91)
foods , kcal/g
0.24 (0.24,
0.24 (0.24,
0.26 (0.26,
0.29 (0.28,
Energy density of
4,5
0.25)
0.25)
0.27)
0.29)
beverages, ,
kcal/g
Temporal Variables
Length of the 24-h
15.0
12.9
12.1
10.0
ingestive period, h (14.9, 15.1)
(12.9, 13.0)
(12.0, 12.1)
(9.9, 10.1)
24-h Clock time of
1955
1959
2009
2018
last eating episode (1951, 1959)
(1956, 2002)
(2006, 2012)
(2014, 2022)

Trend2
across
quartiles

<0.0001
0.8
0.01
0.2
<0.0001
<0.0001
0.9
0.2
0.0002
0.002
0.8
<0.0001
<0.0001
0.7
<0.0001

<0.0001
<0.0001

Number of eating
episodes6, n
Intervals between
eating episodes, h

5.6 (5.5, 5.6)

5.2 (5.1, 5.3)

4.9 (4.9, 5.0)

4.4 (4.4, 4.5)

<0.0001

2.9
(2.88, 2.95)

2.7
(2.6, 2.7)

2.6
(2.59, 2.64)

2.4
(2.37, 2.42)

<0.0001

1Estimates

are predicted margins (adjusted means) and 95% CI from linear regression models
with each dietary or temporal variable as a continuous dependent variable. The independent
variables included, time of first eating episode (quartiles), age (continuous), sex (men, women),
race (Non-Hispanic White, non-Hispanic Black, Mexican-American, Others), Poverty Income
Ratio, %, (<130, 130-349, >349, missing), education, y, (<12, 12, some college, >college), BMI,
kg/m2, (<25, 25-29.9, >30, missing), leisure time physical activity (yes, no), any self-reported
doctor diagnosed chronic disease (yes, no), month of recall (November-April, May-October) day
of recall (Monday-Friday, Saturday-Sunday), 24-h energy intake, kcal (continuous) (for all
variables except % energy from fat, energy density of foods and beverages, and temporal
variables). (n= 34, 504 with complete covariate information).
2 Trend

was operationalized as sex-specific median reported time in each quartile of reported
time of first eating episode.
3n=34465
4 n=33970
5 Plain water was not considered a beverage
6 An eating event where plain water was the only item was not considered an eating episode

Table 6. Covariate-adjusted1 mean and 95% CI of body mass index and serum concentrations of
cardiometabolic biomarkers by approximate quartiles of reported time of first eating episode in
a 24-h dietary recall

Biomarker

Weighted, gender-specific, approximate quartiles of time of
first reported eating episode in the 24-h recall
Quartile 1
Quartile 2
Quartile 3
Quartile 4

Trend2
across
quartiles
0.0002

Body mass index,
28.6
28.3
28.8
29.1
2
kg/m, n=33937
(28.3, 28.9)
(28.1, 28.5)
(28.6, 29.0)
(28.9, 29.3)
Serum
207
207
207
207
0.5
Cholesterol,
(205, 208)
(205, 208)
(206, 209)
(206, 209)
mg/dL, n=32785
HDL cholesterol,
54 (53, 54)
53 (53, 54)
53 (52, 53)
53 (52, 54)
0.04
mg/dL, n=32704
Fasting
121
125
128
131
<0.0001
3,
4
Triglycerides ,
(118, 124)
(122, 128)
(125, 132)
(127, 134)
mg/dL, n=12336
Glycated3
5.64
5.64
5.64
5.66
0.2
Hemoglobin, %
(5.6, 5.6)
(5.6, 5.7)
(5.6, 5.7)
(5.6, 5.7)
n=33206
Fasting glucose3,4, 103
104
105
106
0.0001
mg/dL, n=15209
(102, 105)
(103, 105)
(104, 106)
(105, 107)
3,4
Fasting insulin ,
8.8 (8.5, 9.1) 9.4 (9.1, 9.7) 9.9 (9.6, 10.2) 10.0
<0.0001
µU/mL n=15055
(9.7, 10.3)
Fasting C0.73
0.75
0.77
0.77
0.001
3,4,5
peptide ,
(0.7, 0.75)
(0.72, 0.78)
(0.74, 0.80)
(0.75, 0.79)
nmol/L, n=7937
C-reactive
0.21
0.23
0.23
0.24
<0.0001
3,6
protein
(0.20, 0.22)
(0.22, 0.24)
(0.22, 0.24)
(0.23, 0.25)
mg/dL, n=26763
1Estimates are predicted margins (adjusted means) from linear regression models with each
biomarker as a continuous dependent variable. Independent variables were time of first eating
episode (quartiles), age (continuous), sex (men, women), race (Non-Hispanic White, nonHispanic Black, Mexican-American, Others), Poverty Income Ratio, %, (<130, 130-349, >349,
missing), education, y, (<12, 12, some college, >college), leisure time physical activity (yes, no),
self-reported doctor diagnosed chronic disease ((yes, no), smoking status (never, former,
current smoker), alcohol use status (never, former, current drinker, unknown), BMI, kg/m2,
(<25, 25-29.9, >30, missing) (except models with BMI as dependent), and hours of fasting
before phlebotomy (tertiles).
2 Trend

was operationalized as sex-specific median reported time in each quartile of reported
time of first eating episode.

3Back-transformed
4Fasting
5Not
6Not

geometric means and 95% CIs.

subsample weights for serum triglycerides, glucose, insulin, and C-peptide.

available for surveys conducted after 2003-2004.
available for survey cycles conducted in 2011-12 and 2013-14.

